Chapter 7

Differential Equations and
Mathematical Modeling

Section 7.1 Slope Fields and Euler’s Method
(pp- 325-335)

Exploration 1 Seeing the Slopes

1. Since? = Orepresents a line with a slope of
X

0, we should expect to see horizontal slope

lines. We see this at odd multiples of %

2. The formula ? =cosx depends only on x,
by

not on y.

3. Yes; the curves are vertical translations of
each other, so they all have the same slope at
any given value of x.

4. At x=0, ?:cos 0=1, so the slope at 0
X

should be 1. That appears to be the slope of
each curve as it crosses the y-axis.

5. At x=r, j—y:cosn:—l, so the slope
X

should be —1. That appears to be the slope of
each curve at x = 7.
6. Yes; the curves themselves are graphs of odd

functions, but we see that the slopes at the
points (x, ¥) and (—x, —y) are the same.

Quick Review 7.1

1. Yes; ie" =eF

2. Yes; ie“ = 4%
dx

3. No; a4 (x2e*) = 2xe™ + x2e*
dx

2 2
4. Yes; ie" =2xe*
dx

10.

11.

12.
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Yes; —secx =secxtanx
dx
No; ix_l —
dx
y=3x2+4x+C
2=3(1)2+4(1)+C
C=-5
y=2sinx-3 cosx+C
4 =2 sin(0)—3 cos(0)+C
c=17
_ 2x
y=e"" +secx+C
5=¢20 +sec(0)+C
Cc=3
y=tan_1x+ln(2x—1)+C
z=tan '(1)+In2(1)-1)+C
c-3
4

Section 7.1 Exercises

1

[\*}

w

N

9]

. Idy = I(5x4 —sec? X)dx

y=x5 —tanx+C

. |dy=|(secxtanx—e")dx
Jar=]

y=secx—e +C
. Idy =I(sinx—e_x +8x) dx

y=—cosx+e ¥ +2x*+C

. jdy =J[é—é]dlenx+%+c

. jdy:j[sxlner 21

x“+1

jdx=5x +tan" x+C
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10.

11.

12.

13.

14.

15.

16.

Section 7.1

o

=sin_1x—2x/;+C

j dy = j(3t cos(t)) dt =sin(£>) +C

jdy = Icostesmtdt =i 4

[dy = [(sec® (" )5x™)) dx = tan(x”) +C

jdy = j4(sinu)3 cosudu
=@sinw)*+C

=sin*u+C

Idy = '[3sinx dx=-3cosx+C

2=-3 cos(0)+C,C=5
y=-3 cosx+5

jdy =.[2ex —cosx dx=2e* —sinx+C

3=2¢" —sin(0)+C, C =1
y=2e" —sinx+1

Idu:I(7x6—3x2 +5)dx=x7 —x3 +5x+C

1=1"-1¥+5+C,c=—4
7

u=x'—x +5x—4
jdA:j(10x9 +5x* —2x+4) dx

=04 - +ax+C

6=104+1P -12+4)+C, C=1

A=x04 x5 —x2 +4x+1

1 3
dy = [————+12j dx
j I x2 x4
=x xS +12x4C
3=1"'+ 13 + 120+ C, C=-11

y=x"+x+12x-11 (x>0)

3
dy = [| 5sec? ——/x | d
Iy I[Secx 5 xj x
=Stanx—x"2+C

7 =5tan(0)—(0)’? +C, C=7

3/2

y=5Stanx—x"""+7

17.

~

18.

19.

20.

21.

22,

23.

24,

25.

Idy '[[Hz

3=tan"'(0)+2° +C, C=2
y:tan_1t+2t +2

+2! 1n2]dt=tan‘1t+2’ +C

J'dxzj l—i+6 dt=Int+t +6t+C
t t2

0=In()+1"'+6()+C, C=-7
x=Int+1 1 +61-7 (t >0)

jdvzj(4secz tant+e' +6¢) dt

—dsect+e +3t2+C
5=4 sec(0)+e’ +3(0)>+C, C=0
v=4 sect+e' +3t2

r z
—S<t<=
[ 2 2)

jds=_[z(3t—2) dt=t>—t*+C

0=1°-0%+C,Cc=0

S=l3—t2

dy dj f@de= —j sin(r2) dt

y =L sin(lz) dt+5

du_ j f(t)dzz—j 2+ cost dt

u =J.0 N2+cost dt—3

F()_—j £t dt = j %5

F(x)= jz 4t +9

d s d rs
’ = — i — 3
G'(s) ds_[af(t)dt dsIO tant dt
53
G(s)=j0 tant dt +4

Graph (b).
(sin0)>=0
(sin1)?> >0
(sin(=1))> >0
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tan x + 1 that passes
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368

includes only the continuous portion of

the function y
through the point (7, 1).

(b) The solution to the initial value problem

5. The only graph

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.
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satisfying this condition is graph (f).

42. When y



48. (a)

L
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(b) The solution to the initial value problem includes only the continuous portion of the function y =— that

passes through the point (1, 1).

49. At(-2,1), ? =2(1)+(-2) =0 so the correct graph is (c). At (2, 1), j—y =2()+2=4.
x x

50. At(2, 1), j—y = (1)2 —2=-1 so the correct graph is (b). At (-2, 1), ? = (1)2 —(-2)=3.
X x

3 R
d d
51. Gy | E=x=l | Av | Ay=TtAx | (x+ Ax y+Ay)
1,2) 0.0 0.1 0 (1.1,2)
(1.1,2) 0.1 0.1 0.01 (1.2,2.01)
(1.2,2.01) 0.2 0.1 0.02 (1.3,2.03)
y=2.03
d d
52. (x,y) Eyzy—l Ax Ay:d—iAx (x + Ax, y + Ay)
(1, 3) 2.0 0.1 0.2 (1.1,3.2)
(1.1,3.2) 2.2 0.1 0.22 (1.2,3.42)
(1.2,3.42) 2.42 0.1 0.242 (1.3, 3.662)
y =3.662
d d
53. (x,y) d—z—y—x Ax Ay:d—fCAx (x + Ax, y + Ay)
1,2) 1.0 0.1 0.1 (1.1,2.1)
(1.1,2.1) 1.0 0.1 0.1 (1.2,2.2)
(1.2,2.2) 1.0 0.1 0.1 (1.3,2.3)
y=23
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54.

5S.

56.

57.

58.

59. (a) Graph (b)

60. (a) Graph (b)

Section 7.1

d d
(63 | =20y | Ac | Av=gAY | (ot Ay +Ay)
(1,0) 2.0 0.1 0.2 (1.1,0.2)
(1.1,0.2) 2.0 0.1 0.2 (1.2, 0.4)
(1.2, 0.4) 2.0 0.1 0.2 (1.3, 0.6)
y=0.6
(x Do Ay =% Ax
»Y) xocTY | Ax Y =5 (x+Ax,y+Ay)
2, 1) 0.0 -0.1 0.0 19,1
(1.9, 1) 0.1 -0.1 -0.01 (1.8,0.99)
(1.8,0.99) 0.2 —-0.1 -0.02 (1.7,0.97)
y=0.97
dy dy
*x ) =Y | A | Ay=T0Ac (e Ax, y + Ay)
(2,0) 1.0 0.1 0.1 (1.9, -0.1)
(1.9,-0.1) 0.9 0.1 ~0.09 (1.8, -0.19)
(1.8,-0.19) 0.81 —0.1 —-0.081 (1.7,-0.271)
y=-0.271
dy dy
@y | FEXTY | A | Ay=gAx |+ Ax y+AY)
(2,2) -0.0 0.1 0 (1.9, 2.0)
(19,2 -0.1 0.1 0.01 (1.8,2.01)
(1.8,201) | —-021 |-0.1 0.021 (1.7,2.031)
y=2.031
dy dy
(x, y) X2y | A | Ay=—CAx | (o4 Ax, y + Ay)
2.1 0.0 0.1 0.0 (1.9, 1.0)
(1.9, 1) -0.1 0.1 0.01 (1.8, 1.01)
(1.8, 1.01) -0.22 0.1 0.022 (1.7, 1.032)
y=1.032

(b) The slope is always positive, so (a) and (c) can be ruled out.
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61.

62.

63.

64.

65.

66.

67.

68.

Section 7.1 371
(b) The solution should have positive slope when x is negative, zero slope when x is zero and negative slope
. .. . dy
when x is positive since slope = — =—x.

dx
Graphs (a) and (c) don’t show this slope pattern.

There are positive slopes in the second quadrant of the slope field. The graph of y = x2 has negative slopes in

the second quadrant.

The slope of y = sin x would be +1 at the origin, while the slope field shows a slope of zero at every point on
the y-axis.

() | G2l | A | A= (x +Ax, y + Ay)
(1,3) 3.0 0.1 0.3 (1.1,3.3)
(1.1,3.3) 32 0.1 0.32 (1.2,3.62)
(1.2,3.62) 3.4 0.1 0.34 (1.3, 3.96)
(1.3, 3.96) 3.6 0.1 0.36 (1.4,4.32)
y=432

Euler’s Method gives an estimate f(1.4) = 4.32.
The solution to the initial value problem is f(x) = XCx+ 1, from which we get f(1.4) = 4.36. The

percentage error is thus 436-4.32 =0.9%.
4.36
dy dy
(x,y) E=2x—1 Ax Ay=E (x+ Ax, y + Ay)
(2,3) 3.0 —0.1 -0.3 (1.9,2.7)
(1.9,2.7) 2.8 -0.1 —-0.28 (1.8,2.42)
(1.8,2.42) 2.6 —0.1 -0.26 (1.7, 2.16)
(1.7,2.16) 2.4 -0.1 -0.24 (1.6,1.92)
y=192
Euler’s Method gives an estimate f(1.6) = 1.92. The solution to the initial value problem is f(x) = X2 x+ 1,

from which we get f(1.6) = 1.96. The percentage error is thus % =2%.

Atevery (x, y), (e 2)(e=9/2) = _¢0 = _1, 50 the slopes are negative reciprocals. The slope lines are

therefore perpendicular.

Since the slopes must be negative reciprocals, g(x)=— =—COSX.

SeCx

The perpendicular slope field would be produced by ? = —sin x, so y = cos x + C for any constant C.
X

The perpendicular slope field would be produced by ? =-x,80y= —0.5x%+ C for any constant C.
X
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69. True; they are all lines of the form y = 5x + C.

70. False; for example, f(x) = x? is a solution of

Z_y = 2x, but f_l(x) =/x is not a solution of
X

dy
= 2oy,
dx Y

71. C;for all points withy =42, m=42-42=0

72. E;y<O0, X% > 0, therefore ? <0.
X

0
73.B; y(0O)=e¢" =1

ol = 2xe"2 =2Xxy.
dx

74. A

75 (@) Doxo L
dx _x2

dy -2
—dx=|(x—x 7)dx
[ 5 dr=[=x)
2 2
y:x—+x_1+C:x—+l+C
2 X
Initial condition: y(1) =2
1?1
2=—+-+C
2 1

2:§+C
2
—=C
2

. 1 1
Solution: y =x—+—+—, x>0
x 2

2
(b) Again, y=>—+14C,
2 x

Initial condition: y(-1) =1
D> 1

= +—+C
2 (=D
-1
I=—+C
2
3_c
2
2
Solution: y:x—+l+—,x<0
2 x 2

2
d 1
(¢) Forx<O, —y=i —+x—+C1
dx dx|x 2
S
x2
1
x2
2
1
For x>0, —y=i —+x—+C2
x dxlx 2
.
x2
1
x2

And for x =0, ? is undefined.
X

(d) Let C; be the value from part (b), and let
C, be the value from part (a). Thus,

3 1
Ci=— and C,=—.
17 27y

(e) y2)=-1
2
—1=l+27+C2
—1=%+C2

Thus, C,= % and C,= —%.

76. (a) i(ln x+C)=l for x>0
dx X

d 1 d
(b) E[ln (_x)+C]_—_xE(_x)

= (Lj (-1
—X
1

x
forx<0

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.



(¢) For x>0,In|x|+C =Inx+C, whichisa

(d)

77. (a)

(b)

(0

78. (a)

solution to the differential equation, as we
showed in part (a). For x <0,

In|x|+C =In(-x)+C, whichisa
solution to the differential equation, as we

showed in part (b). Thus, i In |x| = l
dx X

for all x except 0.

For x <0, we have y = In(—x) + C;, which

is a solution to the differential equation, as
we showed in part (a). For x > 0, we have
y=Inx+ C,, whichis a solution to the

differential equation, as we showed part

(b). Thus, ﬂ = 1 for all x except 0.

dx «x

y'=j(12x+4)dx
y = 6x* +4x+C
y= f(6x2 +4x+C))dx

y =227 +2x7 +Cx+Cy

y = I(ex +sin x) dx

Yy =e' —cosx+C;
y=[(e" —cosx+C) )ax

y=e  —sinx+Cix+C,

v = j(x3 +x_3)dx

X 1
=t 4cC
y 4 2x2 1

4

X 1
=[| 2 ——+¢ |dx
g I[4 2x% IJ
—£+L+Cx+C
Y00 o T2

Y= j(24x2 —10)dx

¥ =8x>—10x+C
3=8(1)° -10(1)+ C
Cc=5

y= j(8x3 —10x+5)dx

y =2x* =532 +5x+C

5=2)*-50)% +5()+C

C=3
y= 2x* —5x% +5x+3

(b)

(©)

79. (a)

(b)

(0

(d)

Section 7.1

y' = f(cosx—sin x)dx

y =sinx+cosx+C
2=sin0+cos0+C
Cc=1

y =I(sinx+cosx+l)dx
y=—cosx+sinx+x+C
0=-cos0+sin0+0+C
Cc=1
y=—cosx+sinx+x+1

y'=J.(ex—x)dx
2
s_ox X
- ic
Y 2
2
O=eO—O—+C
2
Cc=-1

2
y :_[[ex —x——ljdx
2
3
x X
=e ———-x+C
g 6

3
1=-% _o4c
6

Cc=0
y=e* —ﬁ—x
y'=x

2
y=‘|‘xdx=7+C
y=-x

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.
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80.

Section 7.2
(e) y'=xy
i(cexz/z) — et 2

dx

2
y=Cex /2

(@) y'=x
2
, x
=|xdx=—+C
y=frte=Erg,

2 3
X X
y =J‘{7+C1de=?+clx+C2

(b) y'=—x
2
= [(x)dr=-2-+¢
y f( x)dx S ta

2 3
X X
y= I[—7+ Clld.x:—?'f— CIX+C2

() y"=-sinx
v = j(—sin x)dx=cosx+C;

y= j(cosx+C1)dx= sinx+Cix+C,

@ y'=y

d — - ’
E(Clex +Cre ) =Cle* —Cre " =y

%(Clex —Cze_x) = Clex + CZe_X =y

y=Cie* +Che™

e y'=-y
d .
—(C;sinx+C, cos x)
dx
=Cjcosx—C,sinx
— y,
i(Cl cosx—C, sin x)
dx
=-C;sinx—C,cosx

y=C;sinx+C, cosx

Section 7.2 Antidifferentiation by Substitution

(pp. 336-344)

Exploration 1 Are j f(u)du and j f(u)dx the

1.

Same Thing?

jf(u) du:Iusdu:§+C

U (2 3
2. —+C= +C=—+C
4 4 4

3. f(uw) =u’ =()c2)3 =5

If(u)dx=jx6dx=i+c

7
4. No
Quick Review 7.2
2 1 s 1 32
1. J.x4dx=—x5 =—(2° ——(0)° ==
0 5 0 5 5 5
5 5
2. [Nx—ldx=|(x—1"ax
1 1
5
=2(x_1)3/2
3 1
2 32 2 032
=24 -=(0
3( ) 3( )
2 16
=2@®)=—
3() 3
3 ﬂ=3x
dx
4. ﬂ-?ax
dx
5. D403 052 433352 —4x)
by
dy .
6. d—:251n(4x—5)c0s(4x—5)-4
by
=8 sin (4x—5) cos (4x—5)
7. d_y: ! -—sin x = —tan x
dx cosx
8. d_y= .1 -COS x =cot x
dx sin x
9. d_y:;(secxtanx—kseczx)

dx sec x+tan x

sec x tan x+sec2 X

sec x+tan x
_sec x(tan x +sec x)

sec x+tan x
=Sec x

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.
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10. d—y:;(—cscxcotx—cscz X) 13. J.f(u) du:I\/;du
dx csc x+cot x 2 3
) =—u""+C
__cescxcot x+cesctx 3
csc x+cot x =%x3+C

csc x(cot x+csc x)

= [ £y dx=[u dx

CcSC x+cot x

=—cscx =I\/x_2dx

Section 7.2 Exercises =_[ x dx
5 3 zlx2+C
1. j(cosx—sx )dx =sin x—x° +C 2
2. Ix_zdx:—x_l+C 14. jf(u)duz u’ du=§u3+C=%x15+C
2 10 1 11

3 fWdx=\|u"dx=|x"dx=—x +C

3. J'ﬂ_i dtzt—+t_l+C I I 11
2 3

15. J‘f(u) du=.[e” du=é*+C=e""+C

_ -1
4. It2+1—tan t+C If(u) duzfe”dxzje7xdx:le7x+c
7
4 -3 2
5. I(Sx —2x"° +sec” x)dx 16. J‘f(bt)du=_‘-sinudu
=§x5+x_2+tan x+C ——cosu+C
=—cos4x+C
dx=|sinu d
6. I(2ex+secxtanx—\/;)dx If(u) X _[ u dx
2 =jsin4xdx
=2¢" +sec x—=x>? +C 1
: =——cos4x+C
4
7. (—cotu+C) =—(—csc®u)=csc>u
17. u=3x
8. (—CSCM-I-C),:—(—CSCMCotu)zcscucotu du =3 dx
1
—du =dx
3

I ox ' 1 o 2x
9. | =" +C| == (2)=
(26 ] 2° @)=e J‘sin3xdx=%jsinudu

1 ’ 1 :—lcosu+C
10. | —5"+C| =— 5"(n5)=5" 3
In5 In5 1
=——cos3x+C
1 3
11. (tan~'u+C) = > Check:
1+u d 1 1
—| —=co0s 3x+ C |=——(—sin 3x)(3) =sin 3x
| x\ 3 3
12. (sin"'u+C) =
1-u® 18. u=2x>
du =4x dx
1
xdx=—du
4
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19.

20.

21.

Section 7.2
J.xcos(sz) dx = l_[cosu du
4
1.
=—sinu+C
4
1 . 2
=—sin(2x")+C
4
Check: a4 lsin(2x2) +C |= lcos(2x2 )(4x)
dx\ 4 4
= xcos(2x2)

u=2x
du =2 dx

ldu:dx
2
Isec2xtan 2x dx=%_"secu tanu du
1
=—secu+C
2
1
=—sec2x+C

Check:i lse02)c+C :lseCthaan-Z
dx\ 2 2

=sec2xtan2x

u=Tx-2
du = Tdx

ldu=d)c
7

j 28(7x—2) dx = %J.Zgbﬁdu

—ut+C
=(1x-2*+C

. d 4 _ 3
Check: dx[ax 2) +CJ—4(7x 2%(7)

=28(7x-2)°
u=£ x=3u
3
du—édx x% =9u?
3du=dx

22,

23.

dx _J~ 3du
X249 794 +9
_EJ- du
9 u2+1

_l du
_3Iu2+1

1

|
=—tan u+C
3

u=1-r>

du =-3r% dr

= —3Iu_1/2du

=3u'?+C

=—6V1-r* +C
Check:
i(—6 1-r3 + C) = —6{;] (=3r?)
dx 21-7

_ 92
1-r

u=1- cosi

du = sin L ar
2 2
ot

2 du =sin—dt
2

2
J. l—cosi sinldt:2j.u2du
2 2

zgu3+C
3

3
= g(l—cosij +C
3 2
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3 T
Check: 42 l—cost] +C 28. Let ”:9"“3
dx| 3 2
du=d6o
t 2 t)1 T T
=2|1-cos—| |sin— || — - -
( 2] ( 2}(2j J‘sec[6+2)tan(0+2jd6’
( tjz ot :Isecutanudu
=|1-cos— | sin—
2 2 =secu+C
4 2 =sec (9+£ +C
24, u=y +4y +1 2

du =4y +8y) dy

5 29. j tan(4x +2) dx

du=4(y" +2y)dy Ayt

ldu:(y3+2y)dy du=4dx
4 1

442 1203 — du=dx
I8(y +4y°+1D)7(y° +2y)dy 4
1

2 3 =—%1n|cos(4x+2)|+C or

=—u"+C
3

1
—1 4x+2)|+C
:%(y4+4y2+1)3+c 4 nfsec (4x+2)

Ldl2 4 2,133 )
Check: d—{—(y +4yT+D)7+C 30. [3(sinx) “dx =3 LN
x| 3 sin? x
=20y* +4y> +1)7 4y’ +8y) =3[ ese® x dx
=8(y* +4y” +1°(y° +2y) = 3cotx+C
25. Letu=1-x 31. Let u=3z+4
du =—dx du=3dz
d d
] : 2 _Z Sdu=d;
(I-x) u 3
_ -1
_”1 +C J‘cos(3z+4)dz=%_.‘cosudu
=——+C |
1-x :§sinu+C
26. Let u=x+2 1
du = dx =§sin(3z+4)+C
Isecz(er 2) dx = Iseczu du
—tanu+C 32. Let u=cotx
=tan(x+2)+C du =—csc? x dx
2 172
\cot dx=— d
27. Let u=tanx -‘- correse X .[u !
du =sec? x dx :—§u3/2+C
I\/tanx sec? x dx = Iul/zdu

2 32
=——(cotx)"“+C
=§u3/2 +C 3

= %(tan x)3/2 +C
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378

33.

34.

35.

36.

Section 7.2

Let u=Inx

du zldx
X

Ilni al dx = Iu6du
=lu7 +C
7

L. 7
=—(n"x)+C
7( )

Let u =tan (fj
2
1 o(x
du =—sec”| = |dx
2 2
Itan7 s sec? hd dx=2.|.u7du
2 2

=2 -lu8+C
8

= ltan8 [fj +C
4 2

Let u=s"3-8
du = isl/3ds
3
gdu = 51345
4
Ism cos(s4/3 —-8)ds = %Icos u du

=§sinu+C
4

:%sin(s4/3 -8)+C

J‘ dzx = Icscz3x dx
sin” 3x

Let u=3x
du=3dx

lduzd}c
3

Icscz 3xdx= lJ.csczu du
3
1
=——cotu+C
3

= —%cot(3x) +C

37.

39.

40.

41.

Let u =cos(2t+1)
du = —sin(2t +1)(2)dt

—%du =sin(2¢ +1)dt

J‘ s1n2(21+1) dtz—lju_zdu
cos“ (2t +1)
zlu_1+C
2
1
=—+
2cos(2t +1)
:%sec(2t+l)+C
. Let u=2+sint
du = cost dt
| L”Zdz = 6[udu
(2+sint)
=—6u"'+C
___6 +C
2+sint
J- dx
xInx
u=Inx
a’u=ﬂ
X
X du=dx

jﬂzln u=In(lnx)+C
u

J.tanzx se(:2 x dx
u=tanx

du = sec? x dx

Iquu :%u3 +C :%tan3 x+C

X dx

X% +1
u=x2+1

du=2x dx
lduz)cdx
2

1 du

=11nu+c=11n(x2+1)+c
29 x5 41 2 2
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42 Letu—g Su=x
du = %dx 25u —)c2
S5du = dx

40 dx .[ 200 du
x> +25 25u%+5

200 du
25 u 241
=8tan ' u+C
=8tan"! [ﬁj +C
5
43. J- .[ sin 3x
cot3x CcoS 3x

Let u = cos 3x
du =-3sin3xdx

—%du =sin3xdx

J.cot3x :__I du

=——ln|u|+C
3

1
= —Eln |cos 3x| +C
(An equivalent expression is

% In |sec 3x| +C.)

44. Letu=5x+38

du=5dx
ldu=d)c
5
-1/2

= du

‘.-\/5x+ 5“-
Loie

5

=—+/5x+8+C

sec x +tan x
45. J'secxdx=.[secx- — |dx
sec x +tan x

sec X+secxtan x
= j dx

sec x +tan x
Letu =secx+tanx

Section7.2 379

du =sec xtan x + sec? xdx

J'secxdx = jldu
u
:1n|u|+C
= 1n|secx+tanx|+C

cscx+cotx
46. Icscxdxzjcscx — |dx
cscx+cotx

csc X+Cscx cotx
—j dx
cscCx+cotx

Letu=cscx+cotx

du =—-csc x cot x —csc? xdx
1

J.cscxdx: —I—du
u

=—1n|u|+C
=—1n|csc x+cot x|+C

47. j sin’ 2x dx = j (sin? 2x)-sin 2xdx
=j(1—cos2 2x)-sin 2 xdx

Let u=cos2x
du =-2sin 2x dx

—ldu =sin2x dx
2

=—%J'(l—u2)du

3
z—l u—2|+c
2 3

u M3

=——+—+C
2 6

cos2x  cos’ 2x
=- +——+C
2 6

48. J'sec4 xdx = I(secz X) secxdx
= _"(1 +tan? X) sec? xdx
Let u =tanx
du = sec? xdx
= J.(l +u’ )du

3
—u+ttC
3

n3x

=tan x+ +C
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49.

50.

51.

Section 7.2

cos2x =1—2sin? x
2sin? x = 1—cos2x
jzsin2 xdx = j(l—coszx) dx

Letu=2x
du=2dx

ldu:d)c
2
1
=§j(1—cos u)du
1
=—(u-sinu)+C
2( )
=%(2x—sin 2x)+C

=x_sm2x +C
2

cos2x = 2cos> x—1

cos? x = %(1 +cos2x)

_[4 cos® x dx = .[2(1+cos2x) dx

Letu=2x
du=2dx

= j(1+cos u)du

=u+sinu+C
=2x+sin 2x+C

J.tan4 x dx
= J.tanz x-tan? xdx
= Itanz X (sec2 x—1)dx
= I(tanz x sec’ x—tan> X) dx
= I(tanz x sec’ x—sec’ x+1)dx
= I(tanz x sec? x—sec’ X) dx+J.ldx
= I(tanz x—1) sec” x dx+jdx
Letu =tan x
du =sec? xdx
=j(u2 —1)du+jdx

zlu3—u+x+C
3

1
:§tan3 x—tanx+x+C

52. J'(cos4 x—sin* X)dx

= J-(cosz X +sin? x)(cos2 x—sin> X)dx

= j (1)(cos 2.x) dx
:lsin2x+C
2
53. Letu=y+1  u(0)=0+1=1
du =dy u3)=3+1=4
3 (4 an
J-O\/y+ldy—.l.lu du
4
23
3 1
2 32 2 .30
=Z@?-Zqa
3( ) 3()
2 2
:—8——
8() 3
_14
3
54. Letu=1-r> w(0)=1-0% =1
du =-2rdr u(l):1—12:O

—ldu =rdr
2

1 0
I m1-r? dr=—lj- ullzdu=—lu3/2
0 271 3

1
Ly J%_ls/z

3

55. Letu=tanx, u _r =tan _z =-1,
4 4

u(0)=tan(0)=0
du = sec? xdx

0 ’ 0
I tan xsec xdx=_[ u du
—rl4 1

“Loy-Ln?
=5O-2¢D
1

2
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56. Letu=4+r2 M(l)=4+12=5 60. Let u=cos26 M(O)ZCOSOZI
_ =-2sin20 d
du=2r dr W1y =4+(D% =5 1d” sin 26 d6 u(fj:msle
Lo rdr ——du =sin 26 d6 302
3 2
/16
J-l 5r dr:éj‘su_zdu:0 L;r cos ™ 26 sin 20 d6
“T4+r2)? 2% Lz
[
57. Letu=1+6? u(0)=1+0=1 101
= = _——_—— —— u
du=%01/2d6’ wO=1+1=2 2( 2) 1
-2
2u=6"d0 =2 [l] -1
3 41\ 2
1 2 1
jm—fzzde:z(mﬁ w2 du =—(03)
01+67%) 30 ‘3‘
2 [
=—§u_1 4
3 1
7
-0 61. [ dx
312 0x+4+2
20/( 1 u=x+2 u0)=0+2=2
:_?(_Ej du = dx w()=7+2=9
9
9
_10 zd—u—ln|u| =1n(2j=1.504
3 u 2 2
58. Letu=4+3sinx 5 d
du =73 cos x dx 62. -[22—363
u(-rr) =4+3sin(-7) =4 N
u(7z)24+35in7z:4 u=2x-3 u(2)=4-3=1
du=2dx u(5)=10-3=7
—du—cosx dx ldu:dx
J‘ COSx IJ‘ _1/2d —0 2
- 7
”v4+351“ du _ 1|u| TR A
20y 2 2 2
59. Letu=r+2t u(0)=0+0=0
2
du=G*+2)dr u)=1+2=3 63. Ii
1¢-3
j\/z +2t (5t +2)dt_j u'? du u=1-3 u(ly=1-3=-2
du = dt u2)y=2-3=-1
2 3pf 1d 1
= —lau -
=3, | LY S
- 3(3)3/2 =In |—1| —ln|—2|
3 =Inl-1n2
L4 Y
3 2
=23
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64.

65.

66.

67.

Section 7.2

/4

u=sinx

du = cosxdx

3r/4
I cot x dx =

3zl4 cos x dx 1
-1/2
/4 sin x (b) Ix 49 —IZM du
Gl F ) gin B2 Y2 2, c
4 4 2
in[ 3 —Vx*+9+C

3

1
_[\/_/Zdu Il s dle x4+9
V212 y 0x*+9 2 0
1 1
J‘3 X dx :E\/I_—E\/g
-1,2 44 =l\/17_§
w=x*+1 u(=)=(=D2+1=2 2 2
2
du=2x dx u(3)=3"+1=10 68. Letu=1—cos 3x, du =3 sin 3x dx.
1
EdMZde u(£j=1—cos£=l
6 2
10
1.[ ﬂ=1 u(zjzl—cosnzz
3
=L in10-1m2)
2 - 3 ’
2 (a) j” (1-cos3x)sin3xdx = | L du
1 76 13
:EIHS 5
2 xd 6 1
e X
1 2 1 9
fo 3o — L2 -0
u=3+e" u©0)=3+e=3+1=4 _1
du=e" dx u(2)=3+e> 2
3+¢® du 3+e?
L —=Inuf (b) j(1—cos3x)sin3xdx=j%u du
=In(3+e?)—In4 =éu2+C
_ 4 .3
Let u=x"+9, du=4x" dx. =l(1—cos3x)2+C
u0)=0+9=9, u(l)=1+9=10 6
/3
; [ (=cos3x)sin3xdx
1 x7dx 01 _
(a) k k w2 du ) &
Vat +9 4 =—(1-cos3x)
1 10 6 716
_1n | 1
=Su 2 2
2 9 _3(2) _E(D
= 10246 1
2
1
r__
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69. We show that f’(x)=tanx and f(3) =5,

where f(x)=1In cos3

COS x
cos3

__+ﬂ

COos x

+5.

f'(x) —i(ln
B dx

= i(ln|0053| —ln|cosx| +5)

d
= ——ln|cos x|
dx

1 .
=— (—sin x)
COoS X
=tan x

cos3

f(3)=1In +5=Inl+5=5

cos3

70. We show that f’(x)=cotx and f(2)=6,
where

ﬂ@=ﬂ$ﬂ
sin 2

+6 =1In|sin x|~ In|sin 2|+ 6
flx)= i(1n|sin x|~In|sin2|+6)
dx

1
=——-cosx—0+0
sin x
=cotx

f2)=1n

Sm; +6=In1+6=6

sin

71. False; the interval of integration should change
from {0, %} to [0, 1], resulting in a different
numerical answer.

72. True; use the substitution u = f{x),

du = f'(x)dx:
X f/dx [l
a f(x) fla) u
= Inu"”
f(a)

=In|f(b)|~In|f(a)
=In f(b)~1In f(a)

=1In (M\]
fa)

73. D

Section 7.2 383

2
2x 4
2 —
74. E: joe”‘dxz% =¢ > I

0

5 5
75. B: js fx—a)ydx=F(x-a),
=F08-a)-FQ3-a)
=7
5-a S5—a
[ e de=Fol,

=F(5-a)-F(3-a)
=7

76. A; disin X =COSX

x

cos(—zj =0
2

cos(0)=1

cos (Ej =0
2

77. (@) Letu=x+1
du = dx

I\/x+ldxzjul/2du
2,0,

=§(x+1)3/2+C

Alternatively,

di@(ﬁl)” + Cj =Jx+1.

X

(b) By Part 1 of the Fundamental Theorem of
Calculus, ﬂ =+/x+1 and

dx

d e
% =+/x+1, so both are antiderivatives

X
of Vx+1.
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(¢) Using NINT to find the values of y, and y,, we have:

X 0 1 2 3 4
n 0 1.219 2797 4.667 6.787
Y -4.667 -3.448 | -1.869 0 2.120
NN 4.667 4.667 4.667 4.667 4.667
=42
@ C=y -y

[ - [N s

=Lf\/m dx+Ijm dx

= | s Jx+1 dx

78. (a) j [F(x)+ C]should equal f(x).

dx
(b) The slope field should help you visualize the solution curve y = F(x).

(¢c) The graphs of y; = F(x) and y, = L;C f(#)dt should differ only by a vertical shift C.

(d) A table of values for y, —y, should show that y; —y, = C for any value of x in the appropriate domain.
(e) The graph of fshould be the same as the graph of NDER of F(x).

(f) First, we need to find F(x). Let u = x> +1, du = 2x dx.

x (L -
J‘ﬁ dx—J.zu du
_ 2

=\x>+1+C

Therefore, we may let F(x) =+ o+l
(a) a’i(\/x2 +140) = ;(zx)
X

W +1
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(b)

/.

ENAREEERI NS L84

—_

ASS RS AR08 LN

SEELA S r s
SrELA LS
FLELA LS
AR RS 5T ARS AN
ASSRRLERRY
ASS AL AL R RN

SEREAD

> |2t e fie

i
1]
>

<
—_

!
»
=
=

(c)

/
A

[—4,4]by [-3,3]

(d)
X 0 1 2 3 4
M 1.000 1.414 2.236 3.162 4.123
A D) 0.000 0.414 1.236 2.162 3.123
M- 1 1 1 1 1

©)]

[—4,4]1by [-3,3]

79. (a) jzsinxcosxdxz I2udu
=u’+C

2

=sin“x+C

(b) jzsinxcosxdx=—j2udu
=—u’+C

= —cos? x+C

(c¢) Since sin? x— (- cos’ x) =1, the two answers differ by a constant (accounted for in the constant of
integration).
80. (a) IZ sec? x tan xdx = I2u du
=u>+C
=tan’ x+C
() [2sec” xtanxdx=[2udu
=u’+C

:seczx+C
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2

(¢) Since sec” x —tan” x = 1, the two answers

differ by a constant (accounted for in the
constant of integration).

cosu du

dx
I\/1—x2 _I\/l—sinzu

cosu du

) \/0052 u

= j 1du.

(Note cos u >0, so

\/cos2 U= |cosu| =cosu.)

81. (a)

(b)

—u+C

=sin"'x+C

82. (a)

J- dx _J-seczudu
1+x2 1+tan2u
_jseczudu

S602 u

=j1du

(b) ij jldu
=u+C

=tan"' x+C

8. (@) J-1/2 Vxdx

0 1-x

_¢sin”'V1/2 sin y - 2sin ycos y dy
“Jsin'o 1—si 2

sin” y

J-7z/4 2sin? ycosy dy
cosy

—‘[” 2sin? d
=1 yay

112 \xdx
\) — X

(b) _[ —Iﬂ/42s1n y dy

/4
= L;[ (1—cos2y)dy
=[y—(1/2)sin2y]%"*

T 1
—|:Z—551n5} [0 0]

_(m-2)
4

V3odx _J-tan"\/? sec u du

\/1+x2 o \/1+tan2u

_ J-zz'/3 sec? u du

84. (@)

0 secu

T
=I secu du
0

NER

\/1+x2

/3
= Io secu du

® |,

= [ln|secu +tan uH”B

=In(2+3)-In (1+0)
=1n(2+J§)

Section 7.3 Antidifferentiation by Parts
(pp. 345-352)

Exploration 1 Choosing the Right « and dv

1. u=1 du=0
dv =xcosx v:Ixcosxdx
Using 1 for u is never a good idea because it

places us back where we started.

2. u=xcosx du=cosx—xsinx
dv=dx  v=[dc=1
The selection of u# = x cos x will place a more
difficult integral into [vdu.

3. u=cosx du =—sinx

dv =xdx v=fxdx=x2
The selection of dv =xdx will place a more

difficult integral into Iv du.

4. u=xand dv = cos x dx are good choices
because the integral is simplified.

Quick Review 7.3

1. j—y = (x>)(cos 2x)(2) + (sin 2x)(3x?)
X

=2x7 cos2x +3x% sin 2x

dy 2x 2x
2. —= +In Bx+1)(2
2x
=3¢ 262 In Bx+1)
3x+1
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dy 1 2
== 2.2: 5
dx  1+(2x) 1+4x
dy___ 1
dx 1 -(x+3)
-
y=tan  3x
tan y =3x
1
X =—tan
3 y

y= cos_l(x+1)
cosy=x+1
x=cosy—1

1. 1
I SIn7rx dx = ——CoSTx
0 T 0

o =e

dy= > dx
Integrate both sides.
J‘dy = Iezxdx

1 oy
=—e" +C
Y 2

d .
D xtsinx
dx

dy = (x+sin x)dx
Integrate both sides.
jdy = j(x+sinx)dx

y :%xz —cosx+C

y0)=—-1+C=2,C=3

L »
=—x"—cosx+3
Y 2

10.

1.

Section 7.3 387

a4 lex(sinx—cos X)
dx\ 2

X

1 . . 1
= Eex(costrsm X) +(s1nx—cosx)Eex

1 1 . 1 . 1
=—e’cosx+—e sinx+—e’ sinx——e” cosx
2 2 2 2

=e"sinx

Section 7.3 Exercises

Ixsinxdx
dv =sinx dx v:Isinxdx:—cosx
U=x du =dx

—xcosx—j—cosx dx=—-xcosx+sinx+C

J.xexdx
dv=e dx y= Iexdx =eF
U=x du = dx

xe* —Iexdxz xe* —e* +C

I3 t e dr

2t
dv=e2dt vz_[etht =
2

u=73t du=3dt

_3

2t 2t
3ze——j3e—dt te2t—§e2’+C
2 2 2 4

IZ tcos (31) dt

sin 3¢

dv=cos3tdt v= jcos (3t) dt =
u=2t du=2dt
sin 3¢ sin 3t
2t——j2—dz
3 3

= ztsin3t—gcos Bn+C
3 9

Ixz cosx dx

dv =cosx dx v:fcosxdx:sinx
u=x2 du =2x dx
x? sinx—Iszinx dx

dv =sin x dx v=.[sinxdx=—cosx

u=2x du = 2dx
x? sinx+2xcosx—j2005xdx
2

=x“sinx+2xcosx—2sinx+C
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Section 7.3
x%e dx
dv=e"dx v= Ie_xdx =—¢ "

u=x2 du =2x dx

e - j—2x e Fdx = —x*e " + J- 2xe * +C

dv=e" V= Ie_xdx =—¢ "
u=2x du=2dx

—xe ¥ —2xe* —I—2e_xdx
=—xe ™ —2xe ¥ =277 +C
I3x2 ezxdx

2x
dv=edx  v= jezxdx =&
2

u=3x> du = 6x

2 e e 3 2 2x 2x
3x T—I6x7dx=5x e —J-3xe dx

er
dv = e v zj‘ezxdxz—
2
u=73x du =3dx
2x
§x262x — Exezx —J.3 ¢ dx
2 2 2
= Exzezx —Exezx _l_Eer +C
2 4

dv = cos d dx v:fcos d dx = 2sin kd
2 2 2

u=x2 du =2x dx

242 sin (fj— [ 42 sin [fj dx
2 2

dv =sin d v:Isin d dx =-2cos d
2 2 2

u=4x du = 4dx

2x% sin d +8xcos d —IScos i dx
2 2 2
=2x?sin d +8xcos d —16sin d +C

2 2 2

9. Iylnydy

2

y

dv=yd y= dy = 2—
yay Iyy >

u=Iny duzldy
y
1

2 1 L 5 y?
Iny-[Z=dy==y’Iny-2-+C
;Y Iy -[2 : y=2y ny-=

2

Izz Inz dt

3
dv=1t*dt v=_[t2dt=t—
3

u=Int du=%dt

3 3
113 lnz—J‘t—ldt =lz3 lnt—t—+C
3 3¢ 3 9

[dy=[((x+2sinx)dx

dv =sin x dx v:Isinxdx:—cosx
u=x+2 du =dx

—(x+2) cosx—f(—cos x) dx
=—(x+2)cosx+sinx+C

2 =—(0+2)cos(0)+sin(0)+C
2=-2+C

C=4

y=—(x+2)cosx+sinx+4

[
o e e ]

_[dy = Ier_xdx

dv=e"dx v= Ie_xdx =—¢*

u=2x du=2dx

—2xe * - I e Ydx=2xe * -2 +C
3=-20) ™ —2:70 4 ¢

5=C

y=-2xe * -2 +5

" S o e e,

[-2, 4] by [0, 10]
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13. Idu =_"x sec? xdx

dv = sec? x dx v=_[seczxdx=tanx
w=Xx dw=dx
xtanx—jtanxdx=xtanx+ln|cosx|+C
1=0tan (0)+In|cos (0) |+ C

Cc=1

u = xtan(x)+In|cos(x)|+1

[-1.2, 1.2] by [0, 3]

14. jdz=x31nxdx

4
dv = xdx V= jx3dx -
4
u=Inx du:ldx
X
4 4 4 4
x—lnx—jx—ldxz—lnx—x—+c
4 4 x 4 16
4 4
5 zgln (1)—Q+C
4 16

Section 7.3
15. Idy = Ix\/x—l dx

dv=(x-D"2dx  v= j(x -2 dx

2 312
=—(x-1
3( )
Uu=x du = dx
gx(x—l)3/2—jg(x—l)3/2dx
3 3
2 32 4 52
=—x(x-1 ——(x-1 +C
3 (x—1 15( )

2 32 4 52
2= A-D2-Za-1"%+cC

3()( ) 15( )
Cc=2

2 32 _4 52
=—x(x=D)""——(x=-D""+2
y=3xx=D7 o (=D

e o o N

e e e N

[1, 5] by [0, 20]

16. Idy = I2x Nx+2dx

dv=(x+2)1/2dx v =j()c-i-2)1/2 dx

2 312
=—(x+2
3( )
u=2x du = 2dx
4 32 4 312
—x(x+2 —|=(x+2 dx
S =[S r2)

4 32 8 512
=—x(x+2 ——(x+2 +C
3 (x+2) 15( )

0=%(—1) (-1+2)°2 —%(—1+2)5/2 +C

28

4 32 8 512
=—x(x+2)"" ——(x+2)"" +
y 3( ) 15( ) s

N e
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17. j ¥ sinxdx
dv=e"dx V=Iexdx=ex

u =sinx du = cos x dx
e” sinx—jex cosx dx
dv=e*dx vzjexdxzex
U =COoSX du =—sinx dx

.[ex sinxdx=e" sinx—[ex cosx—.[—ex sinxdx}

X
Iex sin x dx =%(sinx—cosx)+C

18. Ie_x cos x dx

dv =cos xdx v:J‘cosxdx:sinx

u=e~ du=—-e"dx

e “sinx— f—e_x sin x dx

dv =sin xdx v:Isinxdx:—cosx

e du=—e “dx

Ycosxdr=e " sinx— [e_x COS X — _[ —e ¥ cos xdx}

—X

=

x e .
e ~cosxdx = (sinx—cosx)+C
X

]
J
]

19. |e cos 2x dx

dv =cos2x dx v=Icos2x dx=%sin2x

u=e" du =e“dx

lex sin2x — flsin 2x edx

2 2
1. 1 . 1

dv =—sin2xdx v:f—sm2x dx =——cos2x
2 2 4
X

u=e du =e“dx
X 1 X 1 X 1 X
Ie cos2xdx=—e sin2x—|——e cost—I——coste dx
2 4 4
X 1 X 1 X 1 X
Ie costdx:Ee s1n2x+Ze cost—ZIe cos2xdx
5¢ & | B
ZI cos2xdx=ze (2sin2x+cos2x)

X
[er COSZxdx2%(25in2x+0052x)+c
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20. j e~ sin 2x dx

dv=sin2xdx v =jsin 2x dx = —%cost

|
=

u=e du=—e “dx
——e Ycos2x— flcos 2x e Fdx
2 2
1 1 1 .
dv =—cos2x dx v=j—cos2x dx=—sin2x
2 2 4
u=e > du =—eYdx
“x . 1 1 . 1 5.
Ie sin2x dx=——e ~cos2x—|—e s1n2x—I——e sin 2x dx
2 4 4
“x . 1 1 . e .
Ie sin2x dx=——e ~cos2x——e 51n2x——Ie sin 2x dx
2 4 4

éje_x sin2x dx = —le_x (2cos2x+sin 2x)
4 4

—X

[e*sin2x dx=—%—(2cos2x+sin2x)+C

21. Use tabular integration with f(x) = x* and glx)=e™".

f(x) and its g(x) and its
derivatives integrals
x4 &A e’x
3 —X
4x (__) —e
2 —X
12x ( +) e
—X
24x (_) —€
24 ( +) 87"
0 -

e dv=—xte ™ —4xPe ™ —12x%e ™ —24xe ¥ —24e7F + C

= (x4 11207 +24x+24) e +C

22. Use tabular integration with f(x) = x? —5x and g(x)=¢e*

f(x) and its g(x) and its
derivatives integrals

2 !
o \)~ |
" X
2x-5 =) 4
‘
2 Q) ¢
0 ¢

I(xz —5x)¢" dx= (x> =5x) " —(2x—5)e" +2¢*

=(x> -Tx+T)e  +C
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23. Use tabular integration with f(x) = x> and g(x)= e 2",

f(x) and its g(x) and its
derivatives integrals
2 g
3x (_) 5 e
1
6x (+) Ee 2
—1
6 ) 3 €
1 o
0 16
- 1 3 _ 3 5 3 3 _
J‘x3e 2x dx=——x3e 2x 22,72 2,20 2, 2x+C
2 4 4
3 2
S [ SN A e
2 4 48

24. Use tabular integration with f(x) = x> and g(x)=cos2x.

f(x) and its g(x) and its
derivatives integrals
3 ) cos 2x
3x? \)A % sin 2x
1
6x ) 2 cos 2x
1 .
6 “) 3 sin 2x
0 L cos 2x
16

x—sin 2x+——cos 2x——x sin 2x—E cos2x+C
2 4 4 8

25. Use tabular integration with f(x) = x* and g(x) =sin 2x.

f(x) and its g(x) and its
derivatives integrals
x2 & sin 2x
2x e cos 2x
-) B
2 L 2
( +) - 2 SIn 2x
0 1 cos 2x
8

. 1 1 . 1
Ixz sin 2x dx=—5x2 cos 2x+5x sin 2x+Z cos2x+C

_n2
= 1-2x cos 2x+£sin 2x+C
4 2
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9 /2
/2 —

Jﬂ x% sin 2x dx = {1 2x ]cos 2x+§sin Zx}

0

4
L 0
2
1-2(7%) 1
=|— (—1)+0—(Zj(1)—0
71
8 2

26. Use tabular integration with f(x) = x> and g(x)=cos2x.

f(x) and its g(x) and its
derivatives integrals
X3 (+) cos 2x
3 L sin2
X &* 'i sin 2x
6x 1 cos 2x
&\ 4
1 .
6 “) 3 sin 2x

/

1
0 — 2
16 cos 2x

x3 cos 2x dx :%x3 sin 2x+§x2 cos 2x—§x

3 2
sin 2x—§cos 2x= x__3_x sin 2x + Si—i cos2x+C
8 2 4 4 8

” 3 9 /2
J~7r ¥ cos 2x dx = x__3_x sin 2x+ 3L_§ cos 2x
0 2 4 4 8
0
372 3 3
=0+ ———=|(-D-0—-| —= |1
[16 8}( ) ( 8]()

_3. 32
4 16
27. Let u=e* dv = cos3x dx
du =2¢** dx v=%sin 3x

j e>* cos 3x dx = (ezx)(%sin 3x] - J(%sin 3xj (2 dx)

= 162" sin 3x —gfezx sin 3x dx
3 3

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.
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2x

Letu=e dv =sin 3x dx

du =2** dx V= —%cos 3x

j 2% cos 3x dx = L2 sin 3x— 2 (e*) L cos3x |- j L cos 3x |2e2* a)
3 3 3 3
=éezx(3 sin 3x+2cos 3x)—gjezx cos 3xdx

%J.ezx cos 3x dx = éezx(?a sin 3x+2cos 3x)

Ier cos 3x dx = %ez" (3 sin 3x+2cos 3x)

3
3
j 2% cos 3x dx =| -2 (3 sin 3x +2cos 3x)
-2 13 2
= %[66(3 sin 9+2 cos 9) —e (3 sin(=6) + 2 cos (—6)]

= %[66(2 cos 9+3sin 9) —e~*(2 cos 63 sin 6)]

28. Let u=e 2" dv =sin 2x dx
du =—2¢72 dx v= —%cos 2x
Ie_zxsin 2x dx = (e72%) (—%cos 2xj - J(—%cos ZxJ (=2¢7% dx)
= —16_2" cos 2x—_[e_2x cos 2x dx
2
Let u=e2* dv = cos 2x dx
du =—2¢" > dx v= %sin 2x
je‘zxsin 2 div = —L e 2% cos 2x— (29[ Lsin 2x —j Lin 2x (—2¢7% dx)
2 2 2
= —%e‘”‘ (cos 2x+sin 2x) — j e *¥sin 2x dx
2J. ¢ sin 2x dx = —%6_2" (cos 2x+sin 2x)+C

-2x
(cos 2x+sin 2x)+C

ox . e
Ie 2Xgin 2x dx = —

—2x

2
2
I_3 ¢ >sin 2x dx = {— ¢ (cos 2x +sin 2x)}
-3

-4 6
= _eT (cos 4+sin 4)+ %[cos (=6) +sin (—6)]

6_4 66
:_T(COS 4 +sin 4)+T(COS 6—sin 6)
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29, y=j 2e™ dx

—x
4
Letu=ux dv=e* dx
du=dx v—le4x
4
2 4¢ 1 1 4y 1 4y
=—Xx — —e -] —e dx
g 2{()[4 jf[4 j }
y_lxze4x Lo o o
4 8 2
2 ox 1 4
y= —=+—|e"+C
4 8 32
30. y=.[x2 In x dx
Letu=1Inx dv=x> dx
duzldx vzlx3
X 3

1 3 1 5)1
=(nx)|—x" |—-|| =x" || —dx
r= )(3 jj(.% j(x j

1
y=lx3lnx—lx3+C
3 9

31 y= je sec 10 do

Letu=sec '@ dv=0d6

du=;du v=ll92

oN6% -1 2
Note that we are told @ >1, so no absolute
value is needed in the expression for du.

32.

33.

Section 7.3 395

_ 1 » 1 » 1
y = (sec 16)(—6 j— (—9 j[—d&]
pRlE NG -1

- 0do
19__I =

Letw:ﬁz—l, dw=26d6

6 Le 12

y—Tsec H—ZIW dw
2

y=—sec_19—lw1/2+C
2 2

2
y 2%560_16—%\/62 -1+C

y= fﬁ secd tan@ dé@

Letu=26 dv =sec@ tan@ d@
du=dé v =sec@

y=0 sec&—jsec 6de
y=0 secH—ln|sec¢9+tan6 +C

Note : In the last step, we used the result of
Exercise 45 in Section 7.2.

Letu=x dv =sin x dx

du =dx V=—COSX

Ix sin x dx =—x cosx+_‘-cosx dx

=—xcosx+sinx+C

(a) Lﬂx sin x| dx = I(;rx sin x dx

=[x cos x+sin x|}

=—7(-)+0+0(1)=0
=z

(b) I§”|x sin x| dx = —jj”x sin x dx

=[x cos x—sin x]i”
=22(1)-0—-7m(-1)+0
=3z
2 .
(c) I() |x smx| dx
:I”|x sin x| dx+fzz|x sin x| dx
0 T

=rx+3r=4r
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34. We begin by evaluating j(xz +x+1)e™ dx.

Let u=x2+x+1 dv=e" dx
du=Q2x+1) dx v=—e *

I(xZ +x+1)e " dx

=—(x2 +x+1)e* +j(2x+1)e"‘ dx

Let u=2x+1 dv=e" dx
du=2dx y=—e ¥

I(xz +x+1De " dx

= +x+De ™ —Qx+1)e ™ + j 2¢7 dx

= +x+De ™ —Q2x+1)e ™ =2  +C

=—(x*+3x+4)e " +C

e

Intersection
#4=1.0503204 [¥=1.1021728

[-3,3]by [-3,3]
The graph shows that the two curves intersect
at x = k, where k = 1.050. The area we seek is

k. 2 -x_[k 2
Io(x +x+1)e —on dx

k
= |:—(x2 +3x +4)e_xJk —[lxﬂ
o [3 ]

=(—2.888+4)—(0.386-0)
=0.726

35. First, we evaluatej‘e_t cos t dt.

! dv =cos tdt

Let u=e"

du=—e" dt
Ie_t costdr=e 'sint+ Isin te !l dr
t

y=sint

Let u=e"
du=—edt

fe_tcos tdt=e'sint—e 'cos ¢ —Ie_tcos tdt

dv =sin t dt

Vv =-—COoSt

ZI elcostdt=e"" (sint—cost)+C
_ 1 - .
Ie ’costdt=ze "(sint—cos t)+C

Now we find the average value of

36.

37.

38.

39.

40.

y=2¢"cost for 0<t<2r.

1 27
Average value = —I 2e ‘cos tdt
2790

127
:—f e costdt
0

2

1 .
=—e Sin f—cos t
> ( )

T 0

|
= le 2 (—-e" (-]
_ 2
! 26 ~0.159
T

True; use parts, letting u = x, dv = g(x)dx, and

v =f(x).

True; use parts, letting u = xz, dv = g(x)dx,
and v = f(x).

B; Ixz cos x dx

= x?sin x+2x cos x—2sin x+C
See problem 5.

I2x sin x dx=-2xcos x+2sin x+C

See problem 1.

h(x) = X sin x+C

B; jx sin (5x) dx

dv = sin(5x)dx = jsin (5x) dx
= 1 cosSx

5
U=x du =dx

1 1
—gxcos(sx)—j—gcos(sx) dx

1 1
=——xcos(5x)+—sin(5x)+C
5 (5x) 25 (5x)

C; fx esc? x dx
dv = csc? x dx v=.[cs02x dx =—cot x
U=x du = dx

—Xx cot x—j—cotxdx

=—x cot x+In |sin x|+ C
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41. C; jdy =j4x In x dx

dv=4x dx v=J.4xdx=2x2
u=In x duzldx
X
2x% In x—j2x2 labc=2len x—x2+C
X
42. (a) Letu=x dv=e" dx
du =dx v=e*

Ixex dx = xe* —Iex dx
=xe*—e*+C

=(x-De*+C

(b) Using the result from part (a):
Let u = x’ dv=e" dx
du=2xdx v=e*
Ixz Fdx=x>e" —Ierx dx
=x%e* —2(x-1)e* +C
=(x*-2x+2)e +C

(¢) Using the result from part (b):
Letu = x> dv=e" dx
du =3x%dx v=e"
et de=x e —Isz e’ dx
=" —3(r —2x+2) e +C
=(® -3x% +6x—6)e* +C

n
(d) {x” —dix”+i2x”_...+(—1)” dn x”:le"+c or
X dx dx

[x" " =D = (D) ) (< 1) (n!)}ex +C

(e)

Use mathematical induction or argue based on tabular integration. Alternately, show that the derivative
of the answer to part (d) is x"e”*:
di[(x” " n =D = (=D ) x +(—1)"n!)ex +C}

X

=[x" —nx" "+ nm—Dx"2 =+ (=" @) x + (= 1)"nlle?
X n n-1 n-2 n—1 n
+e E[x —nx"  +nn—-Dn" " —--- +(=D" " (Hx+(=1)"n!]
=[x =" =D =+ (=) () x + (=D )"

+ |:nx"_1 —n(n-Dx""2+ n(n-1)(n-2)x""> — oo+ (=1)"nl)e*
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